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Incidence of Pigment Change in Werauhia
(Bromeliaceae) Uncorrelated with Canopy Cover Level
Rachelle Sloss
Department of Biochemistry, Biophysics, and Molecular Biology, Whitman College

ABSTRACT
The study of plant adaptation to changing habitat is particularly important in the face of continuing habitat
destruction in the tropics. Habitat fragmentation will likely increase light intensity for tropical flora in these areas.
Plants often respond to such changes by increasing concentrations of secondary pigment, like anthocyanins and
carotenoids, as a photoprotective mechanism. Plants may also increase the ratio of chlorophyll a:b in high light
because they have less need for shade-adapted accessory pigments like chlorophyll b. However, in the Werauhia
bromeliads studied, average anthocyanin and carotenoid concentrations decreased while chlorophyll a:b ratio
increased. The decrease in anthocyanins and carotenoids suggests a decrease in light intensity, while an increase in
chlorophyll a:b ratio indicates an increase in light intensity. Due to local climate observations of the study site and
the indication of the anthocyanin and carotenoid decrease, I believe that the plants experienced an overall decrease
in light intensity. This suggests that the increase in chlorophyll a:b ratio found was due to other environmental
factors. However, these contradictory findings suggest that further study is needed to determine effects of light
intensity on Werauhia.

RESUMEN
Estudios de las adaptaciones de plantas al cambio de hábitat son de particular importación para enfrentar la continua
destrucción de hábitat en los trópicos. La fragmentación del hábitat puede incrementar la intensidad de luz para la
flora tropical en estas áreas. Las plantas generalmente responden a dichos cambios incrementando la concentración
de pigmentos secundarios, como antocianinas y carotenoides, como un mecanismo fotoprospectivo. Plantas también
pueden incrementar la proporción de clorofila a:b en altas concentraciones de luz debido a que tienen una menor
necesidad por pigmentos adaptados para la sombra como la clorofila b. Sin embargo en bromelias del género
Werauhia, el promedio de antocianinas y carotenoides decrecen mientras que la proporción de clorofila a:b aumenta.
La disminución en antocianinas y carotenoides sugiere una disminución en la intesidad luminosa, mientras que el
aumento en la proporción de clorofila a:b indica un aumento en la misma. Debido a observaciones del clima local
en el sitio de estudio y al hecho de que las antocianinas y carotenoides decrecen, yo creo que las plantas
experimentan una disminución en la intensidad lumínica. Esto sugiere que el aumento en la proporción de clorofila
a:b encontrado se debe a factores ambientales. Sin embargo, estos resultados contradictorios sugieren que estudios
futuros son necesarios para determinar el efecto de la intensidad lumínica en Werauhia.

INTRODUCTION
Habitat fragmentation and UV radiation increase are two major problems facing tropical forests
(Hegglin and Shepherd 2009; Opdam and Wascher 2003). Habitat fragmentation increases the
amount of forest edge, thereby increasing light levels and other environmental pressures
(Debinksi and Holt 2000; Skole and Tucker 1993). Hegglin and Shepherd have estimated that
UV radiation will increase by 4% in the tropics before the end of the century (2009). Therefore,
it is possible that tropical ecosystems will experience increases in both light penetration and UV
radiation. In order to understand how tropical ecosystems will fare in these changing conditions,
it is important to learn how plants may be able to adapt to increases in light in the tropics.
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It is well known that changes in light intensity cause pigment alterations in many plants
(Ulrich 2008). In low light, plants need accessory pigments to absorb additional wavelengths of
light to increase photosynthetic efficiency (Chazdon et al. 1996). Therefore, plants adapted to
shade often have extra chlorophyll b, which absorbs different light wavelengths than the standard
chlorophyll a. Due to this extra chlorophyll b, shade plants have lower chlorophyll a:b ratios than
sun plants (Chazdon 1996; Taiz and Zieger 1991; Ulrich 2008).
In high light, extra pigments are needed to absorb the extra light energy entering plant
cells. If this surplus light energy is not absorbed, it can create a free radical from oxygen gas that
can damage many cellular structures (Hopkins 1995). To prevent this cellular damage, plants in
high light often have high carotenoid and anthocyanin concentrations. Both carotenoids and
anthocyanins are photoprotective pigments that absorb the extra light energy (Rosevear et al.
2001; Taiz and Zieger 1991). Though the concentrations of all of these pigments are most
affected by light levels, they can also be influenced by temperature, water, and nutrient
availability (Chazdon 1996; Sullivan 1998).
Plants of the Bromeliaceae family respond especially well to light intensity changes with
pigment alterations (Luther 2000; Ulrich 2008). In tropical forests, bromeliads are an important
part of the epiphyte community. They cycle nutrients and provide food and shelter for many treedwelling animals (Luther 2000). Werauhia, a genus of epiphytic bromeliad, was found to be
common in the Monteverde area and was chosen to study pigment alterations due to changes in
canopy cover, which I expect correlates with light intensity.
Werauhia moved to areas of low canopy cover are expected to increase anthocyanin and
carotenoid concentrations as well as chlorophyll a:b ratio. Plants moved to high canopy cover
areas are expected to decrease anthocyanin and carotenoids concentrations as well as chlorophyll
a:b ratio.

MATERIALS AND METHODS
This study was conducted in and around the Estación Biológica (1500 m), Monteverde, Costa
Rica. Fifty-five Werauhia bromeliads were collected on their branches from San Luis (1000 m)
in the Monteverde area. Groups of eleven plants were placed in five treatments with varying
levels of canopy cover: 0, 25, 50, 75, and 100%. Canopy cover was measured with a Robert E.
Lemmon Model C spherical densitometer. Percent canopy cover was calculated at each location
facing North, South, East and West, and averaged for a total canopy cover value.
Initial leaf samples were collected from each plant the morning after placement in
treatment locations to get baseline pigment concentrations. One leaf from each bromeliad was
cut at the base without damaging the rest of the plant. A 4.5 cm2 rectangle was cut from each leaf
using a razor blade and a cardboard template. The mass of the leaf rectangle was recorded using
a FisherScientific T top loading balance. The leaf sample was then cut into fine leaf fragments
with the razor and transferred to a labeled test tube. 2.5 ml of a mixed solution containing 2 ml of
100% acetone and .5 ml phosphate buffer (pH 6.5) was added to each test tube. The phosphate
buffer was used to maintain the natural pH of chloroplasts (Wallentine 2006). The leaf-acetone
mixture was allowed to sit for approximately 30 minutes with mild shaking to encourage
precipitation of photosynthetic pigments. Each mixture was centrifuged for 1 minute with a
Premiere XC-1000 centrifuge to separate the leaf fragments from the pigment-acetone solution.
The solution was then decanted into cuvettes, which were filled by adding 1.5 ml of 100%
acetone. The pigment concentrations of each sample were measured in a Sequoia-Turner Model
340 spectrophotometer at light wavelengths of 663 (chlorophyll a), 645 (chlorophyll b), 545
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(anthocyanins), and 480 nm (carotenoids). These samples were measured against a control
cuvette with 100% acetone.
The above methodology was repeated after 14 days. The concentrations of pigments were
calculated using the following equations from Lichtenthaler and Buschmann for pigments
dissolved in 100% acetone (2001).
Chlorophyll a (µg/g) = [11.24*Abs663 – 2.04*Abs645] * [Purified Volume (ml)]
[Mass of Leaf (g)]
Chlorophyll b (µg/g) = [20.13*Abs645 – 4.19*Abs663] * [Purified Volume (ml)]
[Mass of Leaf (g)]
Carotenoids (µg/g) = [1000*Abs480 – 1.90*Abs645 – 63.14*Abs663] * [Purified Volume (ml)]
214*[Mass of Leaf (g)]
Because no Anthocyanin equations for 100% acetone were available, one calculated for pigment
in 80% aqueous acetone was used (Sims and Gamon 2002). However, absorbance values at 537
nm and 647 nm based on prior research were used instead of 545 and 645 nm. Because of these
discrepancies, the anthocyanin concentrations should be considered estimates.
Anthocyanin (µg/g) = {[.08173*Abs545 – .00697*Abs645 –.002228* Abs663]* [Purified Volume
(ml)]*[Molecular Weight of Anthocyanin (595 mol/g)]}/ [Mass of Leaf (g)]
Using these calculated pigment concentrations, significance of pigment changes (as a percentage
of total pigment after 14 days) at each treatment were determined, as well as significance of
change in chlorophyll a:b ratio. One-way ANOVA tests were used to determine significance of
changes for each pigment at each treatment as well as overall pigment changes.

RESULTS
Percent canopy cover was not found to affect pigment change for any pigment. By this, I mean
that the bromeliads at 0% canopy cover did not have significantly different changes in pigment
concentrations than bromeliads at 100% canopy cover. However, some overall trends in pigment
change were found between initial and day 14 measurements when concentrations were averaged
for all treatments. These trends show the changes after 14 days from the plants’ normal pigment
concentrations in San Luis to their altered pigment concentrations at the biological station.
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FIGURE 1: Change in average anthocyanin
concentration (µg/g) from initial to day 14
measurements for all plants. One way ANOVA:
F1,108 = 61.89, p < 0.0001
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FIGURE 2: Change in average carotenoid
concentration (µg/g) from initial to day 14
measurements for all plants. One way ANOVA:
F1,108 = 16.54, p < 0.0001
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Overall, anthocyanin concentrations decreased (from an average of 508.98 to 330.97 µg/g) at all
canopy cover treatments between the initial sample and 14 days (Fig. 1). Carotenoid
concentrations also decreased (from an average of 82.32 to 69.51 µg/g) between the initial
sample and after 14 days (Fig. 2). When separated by canopy cover treatment, however,
decreases of carotenoids were found in plants at 25, 75 and 100%, but the plants at 0 and 50%
canopy cover locations showed no change in carotenoid levels.
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FIGURE 3: Change in total chlorophyll concentration
(µg/g) from initial to day 14 for all plants. One way
ANOVA: F1,218 = 43.27, p < 0.0001

Initial

14 Days

FIGURE 4: Change in chlorophyll a:b ratio from
initial to day 14 for all plants One-way ANOVA:
F1,108 = 30.49, p < 0.0001

Concentrations of total chlorophylls (a+b) decreased (from an average of 327.96 to 256.79 µg/g)
from initial measurement to day 14 (Fig. 3). Chlorophyll a:b ratios increased (from an average of
0.96 to 1.16 µg/g) from initial measurement to day 14 (Fig. 4). Like the changes in carotenoids,
however, plants at two of the five locations showed no significant change. Plants at 0, 75, and
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100% canopy cover showed an increase in chlorophyll a:b ratio, while plants at 25 and 50%
canopy cover showed no change.

DISCUSSION
Pigment concentrations were not affected by percent canopy cover. However, the overall
pigment decreases indicate that some other factor influenced pigment concentrations at all
treatments. I believe that the influencing factor is some environmental factor that differs between
the experiment site (Biological Station) and the collection site (San Luis). Low wind-driven
precipitation and cloud immersion during transitional seasons in San Luis mean that the
collection site was likely drier with less cloud cover than the experimental site during the study
(Clark et al. 2000). The bromeliads may have been affected more by the change to a wetter,
cloudier, and cooler habitat than by amount of canopy cover at each treatment (Polle 1992).
Anthocyanins
Anthocyanin increase is well known as a protective response to increases in UV radiation.
Therefore, an anthocyanin decrease may indicate a decrease in UV radiation (Sullivan 1998).
However, plants may also change anthocyanin concentrations in response to stress from other
environmental factors, such as temperature extremes, desiccation, or nutrient availability (Dixon
et al. 2001; Mori et al. 2005). Dixon et al. found that anthocyanin increases in Impatiens seemed
to result from stressful conditions (2001). Mori et al. found that higher night temperatures
decrease anthocyanin concentrations (2005). These studies suggest that the decrease in
anthocyanins found across treatments could be due to lower UV radiation, less stressful
conditions, higher night temperatures, or other factors such as temperature, water, or nutrient
availability. Although many factors could have influenced anthocyanins, I believe that overall
lower light levels at the experiment locations caused the recorded anthocyanin decreases. Future
experiments should test this hypothesis in relation to the possible increase in cloud cover that the
bromeliads experienced when relocated from sunny San Luis to the cloud forest.
Carotenoids
Like anthocyanins, carotenoid increase has been shown to be a response to excess light.
Therefore, the overall decrease in carotenoids found may indicate that all bromeliads
experienced a change to a location with less light (McKinnon and Mitchell 2003). This
conclusion is in agreement with that found by the overall decrease in anthocyanins. There is
some speculation that low concentrations of carotenoids in shade plants may function as
accessory pigments to maximize photosynthesis (Wallentine 2006, Taiz and Zieger 1991). More
research should be done to explore this biological role of carotenoids.
Total Chlorophyll
Nutrient deficiency or temperature change could have decreased total chlorophyll concentrations
(Hagen, et al. 1993; Polle 1992). Hagen et al. showed that both nutrient limitation and strong
light conditions can cause chlorophyll degradation (1993). Polle showed that overall chlorophyll
content of spruce needles decreased with increasing altitude. Lower temperatures in combination
with higher light levels at higher altitudes led to photo-oxidative stress which reduced
chlorophyll concentrations (1992). Though it seems (as shown by decreases in anthocyanins and
carotenoids) that higher light levels did not occur at the experiment locations, nutrient limitation
and/or lower temperatures could have initiated overall chlorophyll degradation. The
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experimental location (Biological Station) is 500 m higher in elevation than the collection
location (San Luis), so it seems likely that lower temperatures at the higher altitude may have
caused chlorophyll degradation (Clark 2000). Further research is needed to determine if removal
from their natural habitat could have caused nutrient deficiencies in the Werauhia that decreased
chlorophyll concentrations.
Chlorophyll a:b ratio
Decreases in chlorophyll a:b ratios are a well-known response to shade (Fetene 1990;
Lichtenthaler 2001; Thomas 1997). Therefore, one might expect that an increase in chlorophyll
a:b ratio would occur in high light. This would indicate that overall increase in a:b ratio found
was induced by higher than normal light levels. However, this conclusion contradicts the one
deduced from anthocyanin and carotenoid decreases. More studies must be done to determine the
range of environmental factors that could affect the chlorophyll a:b ratio in a plant.
Another explanation for the contradictory results could be that canopy cover is not an adequate
measurement of light irradiance on an individual plant level. Effects of sun flecks or exact
position could be more influential to a plant than canopy cover (Chazdon 1996). Further research
should determine if canopy cover is an accurate estimate of light intensity for individual plants.
However, since overall pigment changes did occur, it seems that drastic environmental
alterations do significantly affect Werauhia. If changes in light intensity did not affect pigments
in the Werauhia studied, some other environmental factor must be responsible. Perhaps rainfall,
temperature, and nutrient availability are more influential to bromeliads than previously thought.
Though these speculations hint at adaptive abilities of bromeliads to habitat alterations, more
research must be done in order to determine how bromeliads will fare in the light of continued
habitat destruction.
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